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Tunable DFB lasers integrated with thin ﬁlm heaters fabricated with a novel procedure are presented. Ti
and Au layers are deposited successively in a single sputter run and act as both p electrodes of the lasers
and contact pads of the heaters. Au above the heater strips is selectively removed, leaving Ti alone as the
heater material. With the procedure, no separate step for the deposition of heater material is needed,
which simpliﬁes the integration of thin ﬁlm heaters with lasers greatly. A large heater resistance and
thus a high tuning efﬁciency can be obtained at the same time.
& 2013 Elsevier Ltd. Open access under CC BY-NC-ND license. 1. Introduction
Tunable lasers have been intensively studied for decades
because of their wide applications. They are key components for
modern optical ﬁber communication systems. Trace gases can be
monitored accurately through tunable diode laser absorption
spectroscopy (TDLAS). Tunable lasers have also been used for the
generation of tunable continuous wave terahertz signals [1]. Up to
now, many types of tunable lasers have been proposed, such as
multi-section distributed feedback (DFB) lasers [2], DBR lasers
with either uniform [3] or non-uniform gratings [4–6], and tunable
distributed ampliﬁcation (TDA) DFB lasers [7].
DFB lasers integrated with thin ﬁlm heaters are another kind of
tunable laser, whose wavelength is tuned by thermal effect.
Although the wavelength tuning range is limited, compared with
other kinds of tunable lasers these lasers have the advantages of
very simple fabrication process and control electronics. Heater
integrated DFB lasers are especially ﬁtful for use in TDLAS and
terahertz generation applications. So far, a number of DFB lasers
integrated with thin ﬁlm heaters have been demonstrated [8–10].
However, to the best of the authors' knowledge, a separate step for
the formation of thin ﬁlm heaters is needed for all the reported
lasers. In the step, the deposition of heater metal is followed by
photolithography for forming thin ﬁlm strips. Contact pads for the
heaters are deposited and formed in another step. What is more, itg).
C-ND license. is usually difﬁcult to get thin ﬁlm heaters with a high electrical
resistance, which leads to a high heater working current.
In this letter, we report tunable DFB lasers integrated with Ti
thin ﬁlm heaters fabricated with a much simpler process. A large
electrical resistance of the heaters can be obtained at the same
time, which is necessary for high wavelength tuning efﬁciency.2. Fabrication and structure
The MQW layer of the laser is sandwiched between two 80 nm
InGaAsP separate conﬁnement heterostructure (SCH) layers lattice
matched to InP with a 1.2 μm photoluminescence peak wavelength
(λPL) and consists of six compressively strained InGaAsP wells
(+1.110−2, λPL¼1.59 μm) and seven tensile strained InGaAsP
barriers (−310−3, λPL¼1.2 μm). The thickness of the well and
the barrier are 4 nm and 10 nm, respectively. On the upper SCH
layer two thin p doped and n doped InGaAsP layers are grown
successively and gratings with a uniform pitch are formed on the
entire wafer by holographic lithograph. The reverse junction on
top of the upper SCH layer induces weak gain coupling into the
DFB structure, which helps to increase the rate of single mode
lasing of the device. A second MOVPE growth step is then
followed, in which a p InP cladding layer and an InGaAs contact
layer are grown. A 3 μm wide ridge structure with two trenches is
then deﬁned by wet chemical etching, as shown schematically in
Fig. 1(a). A 450 nm SiO2 layer is deposited by plasma enhanced
chemical vapor deposition (PECVD) to cover the entire wafer and
SiO2 openings over the ridges are formed by using HF solution.
200 nm Ti and 400 nm Au layers are deposited successively in a
single sputter run on the p-side of the device for the fabrication of
p electrode and thin-ﬁlm strip heaters. A positive photoresist is
then coated on the wafer. After the resist is exposed for 40 s and
Fig. 1. (a) Schematic structure of the heater integrated DFB lasers. (b) Top view of a
fabricated device (area within the red dotted line is the Ti thin-ﬁlm stripe heater).
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Fig. 2. Lasing spectra with different heater currents.
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Fig. 3. Measured L–I characteristics at different heater currents.
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removed by buffered oxide etch (BOE) and I2:KI:H2O (IKH) solu-
tion, respectively, leaving Ti and Au only in the regions of the p
electrode, the strip heaters and the heater contact pads. Then, the
photoresist over the strip heaters is exposed for another 80 s,
which makes the developed resist also soluble. The Au in the
heater strip region can then be exposed and is removed selectively
by the IKH solution, leaving only Ti in the region, as shown in Fig. 1
(b), which results in a large heater resistance. It can be seen that
the novelty of our process lies in the fact that the heater metal Ti is
part of the P electrode and the heater contact pads and no separate
step for the deposition of heater material is needed, which
simpliﬁes the fabrication of DFB lasers integrated with high
efﬁciency heaters greatly.
AuGeNi alloy is deposited as an n-contact metal after the wafer
is thinned to about 150 μm. For characterization, the lasers are
cleaved to have a 300 μm cavity length with both facets left
uncoated. Heaters with 10 μm and 15 μm widths are fabricated.
For all the DFB lasers, the Ti thin-ﬁlm heaters and the laser cavity
have the same length. The lasers are mounted on Cu heat sink and
tested at 20 1C controlled by a thermoelectric cooler (TEC).3. Device performance and discuss
Wavelength tuning characteristics of a laser with a 10 μm wide
heater which is 20 μm away from the ridge waveguide are shown
in Fig. 2. The emission wavelength changes from 1549.19 nm to
1556.09 nm as the heater current is increased from 0 mA to 56 mA,
with side mode suppression ratio (SMSR) being kept around 40 dB.
The resistance of the heater is about 240 Ω and the tuning
efﬁciency calculated from these experiment results is 8.17 nm/W.
The light output vs. inject current (L–I) characteristics of the laser
at different heater currents are shown in Fig. 3. Without heating,
the threshold current of the laser is about 20 mA, which is typical
for the fabricated devices. As the heater current is increased to60 mA, the threshold current is increased to over 60 mA and the
slope efﬁciency is decreased from 0.074 mW/mA to 0.019 mW/mA
due to the heating effect brought about by the integrated Ti thin-
ﬁlm heater. It should be noted that while the 200 nm Ti provides a
high resistance for the heaters, the average serial resistance of the
laser remains relatively low, which is 3.370.3 Ω.
The effects of the heater width (WH) and the distance between
the heater and the laser (DH) on the wavelength tuning character-
istics of the lasers are studied. The wavelength detuning as a
function of heater power and the corresponding wavelength
tuning efﬁciency are shown in Fig. 4(a) and (b). It can be seen
that a smaller separation between the heater and the laser leads to
a higher tuning efﬁciency, which can also be obtained by a larger
resistance of the heater. With a 15 μm width, the heater has a
160 Ω resistance, which makes the tuning efﬁciencies of such
heaters smaller than those at of the 10 μm wide heaters (240 Ω
resistance) with the same DH. By reducing the width of the heater
to 2 μm, which is well within fabrication tolerances, an over
1000 Ω resistance of the heater is expected and will enhance the
tuning efﬁciency greatly. Moreover, the tuning efﬁciency can also
be increased by reducing the separation between the heater and
the laser.4. Summary
Tunable DFB lasers integrated with thin ﬁlm heaters are
fabricated with a novel procedure. 200 nm Ti and 400 nm Au
layers are deposited successively in a single sputter run and act as
Fig. 4. (a) Lasing wavelength against heating power and (b) the corresponding
tuning efﬁciency of lasers with different heaters.
C. Zhang et al. / Optics & Laser Technology 54 (2013) 148–150150both p electrodes of the laser and contact pads of the heaters. Ti
thin ﬁlm heater is obtained by removing Au above the heater
strips selectively. The procedure simpliﬁes the integration of thinﬁlm heaters with lasers. A large heater resistance and thus a high
tuning efﬁciency can also be obtained.Acknowledgments
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